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Abstract
We present the first measurement of the left-right charge asymmetry AobsQ in
hadronic Z boson decays. This was performed at Ecm = 91.27 GeV with the
SLD at the SLAC Linear Collider with a polarized electron beam. Using 89838
events, we obtain AobsQ = 0.225±0.056 ±0.019 which leads to a measurement
of the electron left-right asymmetry parameter, Ae = 0.162± 0.041 ± 0.014 ,
and sin2 θeffW = 0.2297±0.0052±0.0018. Also, the A
obs
Q measurement combined
with the left-right cross section asymmetry determines Ae independent of the
value of the electron-beam polarization.
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The SLD Collaboration has performed measurements of the left-right cross section asym-
metry ALR = (σL − σR)/(σL + σR) in the production of Z bosons by e
+e−collisions [1–3].
In the Standard Model of the electroweak interactions, to first order, this gives the electron
left-right asymmetry factor Ae = 2veae/(v
2
e + a
2
e) from [4]
AobsLR = |Pe|ALR = |Pe| Ae (1)
where Pe is the electron-beam longitudinal polarization, and ve and ae are the vector and
axial vector coupling constants between the Z0 and electron. The forward-backward fermion
asymmetries in Z decays can also be used to provide independent information on the electron
couplings to the Z. The forward-backward fermion asymmetry at the Z pole (excluding
e+e−final states) is given by
AFB,f(Pe) = −g(a)
Pe −Ae
1− PeAe
Af (2)
where g(a) = a/(1 + 1
3
a2), 0< a ≤ 1, a = | cos θ|max, cos θ describes the angle between the
outgoing fermion f and the direction of the incident electron, max refers to the aperture
limit of the detector, and Af = 2vfaf/(v
2
f + a
2
f). We can define A
L
FB,f ≡ AFB,f(−|Pe|) and
ARFB,f ≡ AFB,f(|Pe|) as the forward-backward asymmetries for events produced with left
and right-handed beam polarization respectively.
These asymmetries can be related to observable charge asymmetries [5–7]. At the parton
level the fermion asymmetries for a quark anti-quark final state give the following average
charges in the forward and backward hemispheres of left-handed events:
< QLF,f > = qf A
L
FB,f
< QLB,f > = −qf A
L
FB,f (3)
where qf is the charge of the outgoing fermion. Similar expressions hold for right-handed
events. These average charges can then be combined into the forward-backward charge flows,
or asymmetries. For left-handed events:
5
< QLFB,f > ≡ < Q
L
F,f > − < Q
L
B,f > = 2 qf A
L
FB,f (4)
with a similar expression for right-handed events.
The flavor-inclusive observables for the polarized < Q˜FB > and unpolarized < QFB >
forward-backward charge flows, which are measured at the final state hadron level, can be
defined by summing over all flavors, weighting by the flavor production rate, and including
dilution factors 0 < df < 1 to account for a reduction in the measured charge magnitudes
due to QCD corrections, hadronization effects, and BB¯ mixing [8] as follows:
< Q˜FB > ≡ < Q
L
FB > fL − < Q
R
FB > fR = 2 g(a) |Pe|
∑
f
dfqfRfAf (5)
< QFB > ≡ < Q
L
FB > fL + < Q
R
FB > fR = 2 g(a) Ae
∑
f
dfqfRfAf (6)
where fL =
1
2
(1+ |Pe|Ae) and fR =
1
2
(1− |Pe|Ae) are the fractions of left- and right-handed
events, Rf = Γf/Γhad, Γf is the partial width for the decay Z → f f¯ , and Γhad is the total
hadronic width of the Z. The quantities < QLFB > and < Q
R
FB > represent the mean, flavor-
inclusive, forward-backward charge flows in left- and right-handed events. These quantities
are measured using the momentum-weighted charge technique described below.
The ratio of these charge asymmetries has the simple form
AobsQ ≡
< QFB >
< Q˜FB >
=
Ae
|Pe|
. (7)
The expression for AobsQ shows that uncertainties in the detector acceptance, charge mea-
surement, and the dilution factors cancel out, thus effectively eliminating the dependence
on Monte Carlo simulation for such corrections. Many systematic instrumental effects were
investigated and are discussed below.
By measuring the quantity AobsQ |Pe|, Ae can be obtained in a manner largely independent
of the AobsLR measurement [9]. Furthermore, the two measurements can be combined to yield
Ae without a measurement of the electron polarization, using the expression
Ae =
√
AobsLR × A
obs
Q . (8)
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This determination of Ae is not independent of the more precise measurement using A
obs
LR
and the longitudinal polarization that has been published elsewhere [2,3].
In this paper, we present the first measurement of Ae from A
obs
Q and the electron-beam
polarization. We also present an alternative measurement of Ae from A
obs
LR and A
obs
Q that
does not require knowledge of the polarization magnitude.
Details of the SLAC Linear Collider (SLC), the polarized electron source, the measure-
ment of the electron-beam polarization with the Compton polarimeter, and the SLD have
been given elsewhere [1,2,10]. The results presented in this article are based upon a sample
of data corresponding to an integrated luminosity of 5.1 pb−1. The data were recorded at a
mean center-of-mass energy of 91.27± 0.02 GeV during the 1993 and 1994-1995 runs of the
SLC.
The momenta of charged particles were measured in the central drift chamber (CDC).
Accepted particles were required to have: (i) a minimum momentum transverse to the beam
axis > 0.15 GeV/c; (ii) a polar angle θ with respect to the beam axis satisfying | cos θ| < 0.8;
and (iii) a point of closest approach to the beam axis within a cylinder of 5 cm radius and
10 cm half-length about the interaction point. If any remaining particle in an event had a
total momentum > 55 GeV/c the event was rejected.
Each event was divided into two hemispheres by a plane transverse to the thrust axis [11]
which was determined using all accepted charged particles in the event. Hadronic events
were selected by the following requirements: (i) the polar angle of the thrust axis satisfied
| cos θT | < 0.7; (ii) there were at least three particles per hemisphere; (iii) the total energy of
the particles in the event (assuming the particles to be pions) was greater than 20% of the
center-of-mass energy; (iv) the scalar sum per hemisphere of particle momentum components
parallel to the thrust axis was greater than 10% of the beam energy; and (v) the invariant
mass of the particles in at least one hemisphere was greater than 2 GeV/c2. A total of 49,850
hadronic Z decays produced by left-handed electrons and 39,988 produced by right-handed
electrons were obtained with an estimated non-Z background of less than .05% [12]. The
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effect of the residual τ+τ− events on the value of AobsQ was estimated to be (0.028 ± 0.012)%
which is negligible. This is relevant because final-state polarization effects in this channel
complicate its contribution to this quantity. The luminosity-weighted polarization for this
sample of events was 0.730± 0.008, where the error is predominantly systematic [13].
The forward-backward charge asymmetries were determined in the following manner.
A unit vector along the thrust axis, Tˆ, was chosen such that Tˆ·pe− > 0, where pe− is
the electron beam direction. Tracks with momentum vector p were defined as forward if
p · Tˆ > 0, and backward otherwise. The weighted charge in the forward hemisphere was
then calculated for each event from
QF =
∑
pi·Tˆ>0
|pi · Tˆ|qi
∑
pi·Tˆ>0
|pi · Tˆ|
(9)
where qi is the charge of particle i. The charge in the backward hemisphere, QB, was
determined in a similar manner for tracks with p · Tˆ < 0. The quantity QFB = QF − QB
was then found for each event.
The distribution of QFB was formed separately for left- and right-handed events. The
distributions for <Q˜FB > and <QFB > were obtained in accordance with Eqs. (5) and (6)
and are shown in Fig. 1. The averages < Q˜FB > and < QFB > were obtained from their
corresponding distributions [14]. Then AobsQ was determined using Eq. (7). A value for A
obs
LR
was also obtained using the number of accepted left- and right-handed events. These results
are summarized in Table I.
We investigated a number of possible systematic errors due to biases in instrumenta-
tion, analysis misindentification, charge dependent nuclear interactions of low momentum
hadrons, unphysical measured momenta, material asymmetries, and various backgrounds.
We studied the possibility of a charge-dependent, forward-backward bias in the measured
track sagitta, or momenta, by means of the dimuon and Bhabha events in the data sample.
This can produce an artificial change in < QFB >, while affecting < Q˜FB > very little, thus
biasing AobsQ [16]. This study led to a (−1.6 ± 6.5)% change in A
obs
Q . This error was the
largest of the systematic errors studied. The systematic errors on the value of AobsQ resulting
8
from these studies are presented in Table II.
The value for the left-right charge asymmetry, before radiative corrections and including
the systematic error from Table II, is
AobsQ = 0.225± 0.056 (stat.)± 0.019 (syst.). (10)
To obtain the relevant quantities Ae and sin
2 θeffW from A
obs
Q we must correct Eqs. 7 for
Z-γ interference, γ exchange and radiative corrections. These were made to the measured
asymmetries using the ZFITTER program [17]. The cancellation of the flavor sum in Eq. 7 is
not preserved by these higher order processes, and Eqs. 5 and 6 must be used with ZFITTER
to obtain Ae/|Pe|. The charge dilution factors df were varied by ±20% in a manner that
maximizes the variation of the radiative correction to AobsQ . This results in an uncertainty
of ±4% in the corrected value of AobsQ . After these corrections, the following values are
obtained:
Ae = 0.162± 0.041 (stat.)± 0.014 (syst.)
sin2 θeffW = 0.2297± 0.0052 (stat.)± 0.0018 (syst.). (11)
These results are largely independent of those previously obtained by SLD from ALR, and
are in good agreement with them.
We can also obtain Ae from A
obs
Q and A
obs
LR using Eq. (8), without the use of the Compton-
measured polarization. After radiative corrections to the measured results, we obtain:
Ae = 0.1574± 0.0197 (stat.)± 0.0067 (syst.)
sin2 θeffW = 0.2302± 0.0025 (stat.)± 0.0009 (syst.),
This result is not independent of those obtained from ALR and A
obs
Q separately. Rather, it is
an alternative measurement of Ae and sin
2 θeffW that does not use the measured polarization.
This is a completely new technique in the determination of these quantities. These results
can be compared with the latest value of sin2 θeffW = 0.23049 ± 0.00050, obtained directly
from a measurement of ALR and the electron longitudinal polarization [3].
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FIG. 1. Distributions of the polarized (a) and unpolarized (b), forward-backward charge flows.
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TABLES
TABLE I. Summary of Results
Quantity Value
fL, fR 0.5549, 0.4451
<QLFB> −0.0408 ± 0.0027
<QRFB> 0.0322 ± 0.0031
<Q˜FB> −0.03697 ± 0.00204
<QFB> −0.00831 ± 0.00204
AobsQ 0.2247 ± 0.0556
AobsLR 0.1098 ± 0.0033
TABLE II. Summary of Systematic Errors
δAobsQ /A
obs
Q
Source of uncertainty (%)
q dependent, F-B sagitta bias 6.5
q independent, F-B sagitta bias 0.5
q independent, F-B track efficiency biases 0.2
unphysical ptot tracks 3.3
F-B asymmetry of SLD central material 1.5
e+e− final state backgrounds 0.5
two photon backgrounds 0.7
radiative corrections 4.0
polarization measurement (for result (10) only) 1.1
Residual τ+τ− effect 0.03
SLC track backgrounds 0.02
Total 8.7
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